Cerebellar neurotransmission in attention-deficit/hyperactivity disorder: does dopamine neurotransmission occur in the cerebellar vermis?
Children and adolescents with attention-deficit/hyperactivity disorder (ADHD) have smaller cerebellar volumes, particularly in the posterior-inferior cerebellar vermis (lobules VIII-X). Functional activation of the human cerebellar vermis following stimulant administration has also been repeatedly demonstrated. There is no well-characterized dopaminergic pathway that projects to the posterior-inferior cerebellar vermis, although the dopamine transporter (DAT) and tyrosine hydroxylase (TH) have been localized in the posterior-inferior vermis in the non-human primate by immunohistochemistry. We hypothesized that DA neurotransmission may occur in localized "hot spots" in the cerebellar vermis, and if so, that differences in such neurotransmission might be relevant to the pathophysiology of ADHD. To investigate this hypothesis, cerebellar tissue was obtained from rats and non-human primates. Catecholamines were extracted and analyzed using HPLC with coulometric detection. A regional gradient of norepinephrine (NE) and DA was found throughout the cerebellum with NE levels always roughly 10-40-fold higher than DA in both rats and monkeys. In addition, in vivo microdialysis studies were performed in the rat posterior-inferior cerebellar vermis in anesthetized animals. Significant NE overflow was observed over baseline following reverse microdialysis induced release by potassium or d-amphetamine. DA overflow was not observed over baseline for potassium stimulation, but was significant for d-amphetamine stimulation. These studies refute the hypothesis that DA neurotransmission normally occurs in the rat cerebellar vermis, but highlight that vermal DA is released by d-amphetamine. The presence of DAT may therefore allow for enhanced regulation of NE and not regulation of released DA.